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The  purpose  of  Chi*  research  Is  Che  synthesis  and  biolo  gical  evslu.it  ion 
u  inaiovS  ->i  '.oralcholinluia  (HC-3).  rhese  are  ljents  which  •iccra.i.ia  ■  '.o 
ibtlilv  ■. f  chilinerqlc  neurones  to  synthesize  acetylcholine.  The  long-no 'n 
■o\i  -  '.-.Ij  /.•search  is  to  develop  compounds  which  can  be  used  )  ...a  i  into 
.•.tcass  acetylcholine  'within  a  cholinergic  synapse.  aone  possible  approaches 
ire  Ml  decrease  the  concent  of  acetylcholine  within  the  cholinergic  ueur-jr.c 
by  Interfering  with  synthesis,  (2)  desensitizing  cholinergic  receptors  it 
rosc-svn.aocic  sites,  (3)  decreasing  the  release  of  acetylcholine  from  tin* 
neurone  by  stabilizing  the  membrane  or  via  pre-synaptic  receptors  which  when 
activated  will  ii.ainish  the  amount  of  ccetylcholine  released  into  the  synapse. 

Thus  far  3  agents  have  been  prepared  and  evaluated  for  actlvltv.  Two  or 
the  acents.  wnich  are  quarternary  amines,  approximate  HC-3  in  activity  and  the 
tertiary  amine  derivative  ia  approximately  l/500th  aa  active  as  HC-3.  Tie 
litter  agent  is  the  first  active  non-quartemary  amine  to  be  reported.  The 
biolo;icai  assay  procedures  which  have  been  developed  to  evaluate  these  agents 
ire  a*  follows: 

t.  'U:h  terfornance  liquid  chromatography  with  electroehenic.il  detection 
has  been  introduced  to  assay  tissue  levels  of  acetylcholine.  The  lower  limits 
of  sensitivity  Is  about  10  pM. 

2.  Thirty  minute  Incubation  of  10  mg  of  rat  caudate  nucleus  with  HC-3- 
like  compounds  result  is  decreased  tissue  levels  of  acetylcholine.  This  is  a 
convenient  and  definitive  assay  procedure  for  hemicholiniuia-lilta  activity. 

3.  Tabbit  sciatic  nerve-gastrocnemius  muscle  preparation  is  u3ed  for  in 
vivo  evaluation  of  oeuroouucluar  blocking  activity. 

4.  Rac  phrenic  nerve-diaphragm  muscle  preparations  are  used  for  in  vitro 
assay  for  inhibition  of  neuroauacular  transmission. 


ft 


ft 


ft 


ft 


a 

y 


a 

V 


ft 


ft 


ft 


TABLE  0?  CONTENTS 


Statement  of  problem . . . . . . . 

Background..... . . . 

Approach  Co  chat  problem.................. . 

Hicalstry  . . . . . . . . 

Scheme  I..................... . . . 

Scheme  111 . 

Scheme  IV . . . 

Experimental  (Chemical) 

4.4' -Olacety lbipheny 1 . . . . . 

Biphenyl— 4,4' -dlcar boxy lie  Acid . 

Dimethyl  SiphenyW^'-dlcarboxylate . 

crans/trana-Dlsethyl  Bicyclohexy 1-4 , 4 ' - 

dicaboxylate. . . . . 

trane/tran«-Blcyclohexyl-4,4'-dlcarbonyl 

Chloride. . . . . . . . . 

trans/ trans-4 ,4 ' -bl*  ( Dlazocarbonyl )- 

M  cyclohexyl . . . 

tran«/tran*-4 , 4 ’ -bis-<  Bromoacetyl )  bicyclohexy 1 . 
trans/ trans-4, 4 r-bl*-{ 2-{  2 -hydroxy-4 , 4-diaeChyl- 
1 ,4-tetrahydrooxazinyl)}  blcyclohexyl . 


PACE 

..4 
.  .4 


.5 

.8 

.9 

10 


11 

12 

12 


12 


13 


13 

14 


14 

15 
15 


Phenanthrene-1 ,7-Dlcarboxylic  Acid 
2 ,2 '-Dlraechyl-4 , 4 '-di ami no biphenyl 
4 ,4 '-Dicyano-2 ,2 ' -dioethylbi phenyl 


16 


I 


Cltarsture  Cited 


-  Uology 
;uLC-iC . 


bubble  Neucoouscular  Junction . 20 

.'.at  Phrenic  Nerve-Oiaphragra. ...... . . ....21 

vntagonism  of  Physostigaine. . . . 21 

vl.  Insults  -  ilology . 23 

Active  KC-3  Analogs................... . .....23 

intagonl  ta  at  Physostlgtxlne.  ........  . . 2* 

.'II.  Conclusions . 23 


> 


/I IT.  "‘.ecorrmendatlons 


I 


ri 


1.  linterynt  i:  '.ho  "TOO Lon:  The  object  of  this  r'wip.-h  . .  •  • 

ind  biological  evaluation  of  analogs  of  heraicholiiium  which  <  •;  known  •  > 
decrease  thus  synthesis  of  acety lchollns.  Compounds  In  this  serf  's  ire  known 
Vo  ml.uoni  i  choline  uotake  Into  the  cholinergic  neuron  and  inhibit  .ucoti  sic 
recepcors.'  This  Is  one  theoretical  approach  to  decrease  the  amount  of 
acetvlcholine  within  a  synapse. 

It.  background:  At  the  University  of  Iowa,  Hemicholiniura  ( ItC— J )  and  i  large 
number  of  analogs  were  synthesized  froct  1954-1969.  Depending  on  the 

structure,  a  number  of  the  agents  were  Inhibitors  of  acetylcholinesterase 
ind/or  agents  which  inhibited  the  synthesis  of  acetylcholine  (KC-3-llke). 

Selected  acetal  derivatives  of  HC-3  antagonized  nicotinic  agents 
(nicotine  and  large  doses  of  acotylchollne)  without  modifying  ganglionic 
transmission.  Also  It  was  noted  that  selected  agents  were  very  toxic  (L0-50 
for  HC-3  in  mice  Is  approximately  20  yg/kg).  HC-3  is  the  prototype  compound 
.'or  inhibiting  synthesis  of  acetylcholine  and  It  haa  been  used  as  a  tool  L.n 
many  published  studies.  Our  studies  will  provide  structure-activity 
relationship  data  for  these  very  active  agents. 

III.  Approach  to  the  problem:  The  molecular  structures  of  the  agents  is 
designed  to  provide  Information  concerning  Interatomic  distances  between  the 
cationic  moieties.  Knowledge  of  optimal  substitution  o>.  the  cationic  head 
will  be  gained.  Biological  evaluation  will  include  those  synapses  known  to 
have  considerable  turnover  of  acetylcholine.  He  will  use  inhibition  of 
transmission  at  the  neuromuscular  Junction  and  inhibition  of  synthesis  of 
acetylcholine  In  the  caudate  nucleus  as  our  major  test  systems.  The  toxicity 
of  the  compounds  will  be  evaluated,  a a  well  as  their  ability  to  alter  0FP- 
induced  toxicity. 
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'  ■tistrv:  'l;"ithesis  of  Mentchotiniura  (“!!C-i")  'nal.vrs 

•ivnthatlc  worlc  leading  to  a  cyclohexane  convener  1  of  heralchoU:iiu:n  ,X- 
J")  ':i3  ')een  established  on  the  basis  of  definition  ot  the  '.eonetrv  oc  '.he 

'  -!L.*r  -.•i.itnto  m  ( Iclt'ir.o  I). 
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Preparation  at  l  is  shown  in  Scheme  I.  The  initially  formed  product  7  at 

-V,  "V. 

catalytic  hydrogenation  of  dimethyl  bipheny 1-4, i'-dicarbory late  £  is  a  mixture 
of  all  possible  geometric  isomers  (traua/trana;  cis/trans;  cis/cia)*.  Heating 
this  mixture  at  elevated  temperature  in  a  bomb  under  reduced  pressure  Induces 
isomerization  to  the  trans/trans  Isomer  Conversion  of  tne  bls-dlazoketone . 

11  into  the  bis-bromoketone  12  is  based  upon  a  method  of  Wagner  and  Moore^. 

'V'w  .  1  ‘/V- 

Schueier^  proposed  chat  keto  amlnoalcohols  such  as  13  (Scheme  I)  exist  in  the 

wi 

heaiketal  structure  as  shown  for  1  and  2,  and  Indeed,  spectral  data  confirm 

■%, 

this  structure  for  1. 


•  -*v  .V-iV  »V.VA.%  .s  .**  ,\|  /»  v>  ■.*»  «■«  ■»  .>  .>  W>  Ve  JtnAMa 


■'  ”1  ''.'Her 


svnthetlc  approach  to  the  phenanthrene-rioriwii  ■!<;—  * 

Involves  preparation  of  phenanthrene-l  ,7-dicarboxyllc  acid  tf>,  and  Is  shown  i;i 
Scheme  It. 


The  starting  material  retena  ^  la  available  commercially;  we  have  also 
prepared  it  by  dehydrogenation  of  abietlc  acid*.  Oxidation  of  retene  ^  with 
KjFefCN)^  by  a  method  of  Ruzicka,  et_al_.  gave  extremely  poor  yields  of  16, 
due  to  an  uncontrollable  further  oxidation  of  the  desired  product  1(^  to  a 
biphenyltetracarboxylic  acid.  Satisfactory  yields  of  1^  of  high  purity  were 
attained  t>7  oxidation  of  retene  with  aqueous  sodium  dichrooate  in  a  bomb  at 
elevated  temperature,  according  to  a  method  of  Friedman,  et  al.^  This 
oxidation  has  now  been  scaled  up  and  the  reaction  conditions  have  been 
optimized.  Ample  supplies  of  16  will  permit  elaboration  of  the  carboxyl 


A  A  V  AA  •>  AAji>.>  A"  A-HAAsTU' A^A -V -AAA  • 


.  “  ^ 


•  '  *rt  ;s  rtf  -JC-  i 


To  •;  •it'-etlc  *ii  orts  taxdintr  to  the  2.2 '-dlnethvlhlnhonv 1  v/ste-t  i.'. 
ud  t!:s  s-nthetic  iceas  outlined  In  Scheie  [  r I  j. 


•  i.olds  In  me  step  2')  ■»  21  (Scheoe  III)  are  low:  we  iuve  not  ret  optlniaeu  t 

W  — . ...  ... 

■  -action  conditions.  2«vertheloss,  we  obtain  preparative  qa.intitl-.-a  or  t 
.mlirti j  i 

•■■■  uou.ias  I’’  .ad  ZZ  Corovioual/  ,-.re'?.ind  ii  t’.oso  •  labor  . t:ri.-a'^' 

■oon  resynthesized  cor  further  and  extended  3tudic*.  Tie  synthetic  route 
■shown  in  ocnene  tv. 
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"'.u  i  sjction  Ascribes  synthesis  of  all  compounds  prepar-id  to  date  u:i.i->r 
•  •'  •» rs t.  met . 

■‘L'.f-'.’  Mints  :oca  determined  ii  open  ;:lass  cioilinrijs  v: 

■loeof rioted.  Elemental  analyses  were  performed  by  Galbraith  I-ihoniorics, 

‘•'o  rvlLlj,  ■’’onnessee.  IR  spectra  were  recorded  on  a  Heckman  T  ’> 

instrument.  NMR  spectra  were  recorded  on  a  Varian  Associate.-;  .'I-J'i 

instrument  using  tetramethylsilane  as  the  internal  standard.  !iss  snee.tra 

were  obtained  on  a  Riberraag  10/ 10  mass  spectrometer.  Preparative  HPLC  was 

done  with  a  '.’aters  500  A  Prep  HPLC  apparatus. 

• .  - ' -  ’iaeetylbiphenyi  (4).  Anhydrous  AlCl-^  '!.b7  ",  mol) 

*  % 

covereu  with  a  mixture  of  10  mL  of  CS?  and  1.54  g  (0.01  moL)  of  biphenyl. 
\cetyL  chloride  (1.57  g,  0.02  mol)  was  slowly  added,  and  the  reaction  mixture 
was  :ently  heated  in  a  water  bath  until  evolution  of  HC1  ceased.  The  CS^  was 
removed  under  reduced  pressure  (aspirator)  and  the  residue  was  treated  with 

ice  and  excess  dilute  HC1.  The  solid  which  separated  was  collected  on  a 
filter  and  air~dried.  It  was  recrystallized  from  EtOH  to  give  1.97  g  (83%)  of 
material,  op  189-190°C.  Lit7  rap  192°C. 

Blphenyl-4, 4* -dlcarboxyllc  Acid  (£).  Technical  grade  calcium 
hypochlorite  (50  g)  in  200  raL  of  H2O  was  treated  with  35  g  of  K2CO3  and  10  g 
of  K0H  in  100  raL  of  1^0.  The  resulting  mixture  was  agitated  vigorously  until 
the  initially  foraed  gel  became  fluid.  The  suspended  solid  was  removed  by 
filtration  and  was  washed  on  the  filter  with  100  raL  of  H2O  which  was  added  to 
the  filtrate.  To  this  solution  in  a  2L  flask  was  added  3  g  (0.0126  raol)  of  4, 
ard  the  mixture  was  stirred  and  heated  at  75-*85°C  for  5  h.  The  reaction 
mixture  was  treated  with  10  g  of  NaHSOj  in  40  nil  of  H2O,  and  was  then  cooled 
to  room  temperature.  Excess  cone  HC1  was  carefully  added,  and  the  white  solid 
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-h  <5i.intc(l  -.’ns  collected  on  a  filter,  washed  with  IU<>,  and  1  i  s — • 
was  recrystailizcd  from  EtOH  to  afford  2.8  g  (93%)  of  a  white  solid. 

250°C.  Uis  np  >  250°C.  IR  (KBr)  1759  cm"1  (COOH). 

Otneihvl  U  ohenv  1-4,  fr'-d  lcar  boxy  late  (6).  Compound  5  (3  1  ■ .  !  33  .ji  ■ 

in  75  nL  of  anhydrous  MeOH  and  2  drops  of  cone  H2SO4  was  heated  under  reflux 
for  li  'iavs.  The  resulting  mixture  was  cooled,  transferred  to  .1  separatory 
funnel,  and  diluted  with  200  mL  of  H2O.  •  The  resulting  mixture  was  extracted 
with  Et->0.  The  ethereal  extract  was  washed  with  5%  NaHC03,  'i2o,  ,mJ  dried 
i^aiS0/t).  Evaporation  of  the  Et2°  left  a  solid  which  was  recrysta i L  ized  twice 
from  Et-,0  to  give  2.8  g  (85%)  of  product,  mp  ?05-206°C.  Lit9  np  IR 

(CHCI3)  1729  cm"1  (ester  C-0).  NMR  (CDCI3)  53.98  (s,  6H,  OCH3).  7.26-8.23  (a, 
dH  Aron  H) . 

Dimethyl  Bicyclohexyl-4. 4 '-dicarboxylate  (7).  Following  a  patent 
procedure1,  3  g  (0.011  mol)  of  6^  was  hydrogenated  at  50°C  in  100  mL  of  AcOH  in 
the  presence  of  0.05  g  of  Pt02.  When  uptake  of  H2  ceased,  the  catalyst  was 
removed  by  filtration,  and  the  filtrate  was  diluted  with  H20  and  neutralized 
with  aqueous  Na2C03.  A  solid  separated  (3.0  g)  which  was  collected  on  a 
filter.  TLC  analysis  (Si02,  CHCI3)  Indicated  3  components.  XR  (CUCI3  1710 
cm"1)  (ester  00).  NMR  (COCI3)  shoved  no  aromatic  H.  This  material  was 
utilized  in  the  next  step  without  purification. 

trans/trans-Olaethyl  Blcyclohexyl-&,4t-dicarboxylate  (9).  A  modification 

of  a  patent  procedure1  was  utilized.  Product  7  (2  g,  0.0071  mol)  was  heated 

% 

overnight  with  0.5  g  of  NaOH  in  12  mL  of  MeOH  and  5  mL  of  H20.  The  MeOH  was 
removed  by  distillation,  and  excess  cone  HC1  was  added  to  the  aqueous 
mixture.  The  white  solid  which  separated  was  collected  on  a  filter,  washed 
with  H20  and  air-dried.  This  manorial  was  placed  in  a  bomb  under  reduced 
pressure  (15  na)  and  the  bomb  was  heated  at  250°C  for  2  h,  then  at  300°C  for  2 
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-  •  -oltH  at  •‘V.**':.  Utl  -o  15y»'!.  !■  ■■■•  ’ 

susnencjoi  in  ;jO  nL  of  MeOH  and  2  mL  of  cone  H^SO*,  and  was  heated  ->v.*rnt 
uui  «r  ref  lux.  The  reaction  mixture  was  poured  over  excess  ice  in.!  •.  .1;  ; 

v;  -..pirated  was  collected  on  a  filter,  washed  with  H?0,  lir— :rie.l,  .<m 
recrvstal tized  from  9:1  ,‘te0H-H20  to  af.ford  1.46  g  (73%)  of  white  crystals,  op 
llMU'i:.  wit  np  U6°Cl,  100-101JC').  UPLC  analysis  (S102,  toluene-.!,:.. 
.  :l)  indicated  the  i.iaterial  to  be  homogenous.  MMR  (COCl^)  o  1.0-2.  i  .  i,  _  ;h. 
i.liph  >1).  3.o  (s,  6H,  CH3).  IR  (KBr)  1690  era’1  (C-0). 

t rans/irans-Blcyclohexy 1-4, 4* -dicarbonyl  Chloride  QO).  \  solution  of 
4.U  ’  (0.014  mol)  of  8  and  8  g  of  MaOH  in  100  mL  of  MeOH  and  80  nL  of  H  >0  was 
’••»it:d  under  reflux  for  12  h.  The  MeOH  was  removed  under  reduced  prc*ssur-> . 
nd  ’.he  aqueous  solution  was  acidified  with  ccnc  HC1.  The  solid  which 

separated  was  collected  on  a  filter,  washed  with  H20,  and  carefully  air-dried. 

To  0.8  g  (0.003  raol)  of  this  material  was  added  over  5  min  25  nL  of 
£0C12,  and  the  resulting  mixture  was  heated  at  150°C  for  12  h.  Unreacted 
S0C12,  was  removed  by  repeated  azeotroping  with  benzene,  to  leave  0.36  g  of  a 
brown  oil.  IR  (neat)  1785  cm’*  (C0C1).  This  material  was  used  in  the 
subsequent  step  without  further  treatment. 

trans/trans^^'-blaCPiaztfcarbonyQbicyclohexyl  (11).  A  solution  of  1.5 
g  (0.005  nol)  of  crude  ^  in  100  mL  of  anhydrous  tetrahydrofuran  was  added 
dropvlse  over  15  min  at  0°C  to  a  stirred  solution  of  2  mL  of  triethylamine  and 
alcohol-free  dlazomethane  (prepared  from  21.5  g  of  JDiazald*®)  in  100  mL  of 
anhydrous  St20.  Stirring  was  continued  for  an  additional  3  h  under  JJ2»  The 

reaction  mixture  was  filtered,  and  the  solid  on  the  filter  was  washed  with 

several  portions  of  anhydrous  tetrahydrofuran.  The  combined  filtrate  and 

washings  were  evaporated  under  reduced  pressure,  and  the  residue  was 
chromatographed  on  S102  by  a  dry  column  technique  and  was  eluted  with  ethyl 
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ivV»t  n  •>  >'h*nzene  (2:4:4).  The  solid  obtained  from  the  is 

recrvstalllzed  from  benzene  to  afford  1.2  fi  (802)  of  fine  crystals,  r,p  159- 
160°C.  ft  'KBr)  2100  (N-N),  1720  cm-1  (00).  VMR  (C0C13)  .1  0. 8-2.0  (n.  I'M, 
aliph  !l ) ,  5.2  (s,  211,  COCHNj.  MS  m/e  302  (M+). 

Anal .  Calcd  for  C^H22N402  c*  63.58;  H,  7.28:  N,  13.54.  Found:  0, 
o3*b3;  H,  7.59;  N,  18.42. 

trans/tran3-4,4lbls-(bronoaeetyl)bleyclohexyl.  02).  To  a  solution  of 

0.25  g  (0.0006  raol)  of  11  in  10  ml  of  pentane  was  added  with  stirring  at  room 

n.n. 

temperature  20  nL  of  482  aqueous  HBr,  and  the  reaction  mixture  was  permitted 
to  stand  several  hours  until  evoluation  of  N2  ceased.  The  pentane  layer  was 
wasncd  with  ^0  to  remove  HBr.  The  combined  aqueous  washes  were  neutralized 
with  52  NaHCOj,  and  this  mixture  was  extracted  with  CHCI3.  The  combined  CHCl^ 
extract  and  pentane  solution  was  evaporated  under  reduced  pressure,  and  the 
residue  was  chromatographed  on  Si02  and  eluted  with  9:1  benzene/elhyl 
acetate.  Evaporation  of  the  eluate  gave  a  light  yellow  solid  which  was 
recrystallized  from  toluene  to  give  0.164  g  (672)  of  product,  rap  148-149°C. 
NMR  (COCI3)  6  0«8-20.0  (m,  20H,  aliphatic  H),  4.1  (s,  4H,  COCJ^Br).  IR  (RBr) 
171  cm”1  (C-0). 

Anal.  Calcd  for  6^248^02  c,  47.06;  H,  5.88;  Br,  39.92.  Found:  C, 
47.36;  H.  5.74;  Br,  38.80. 

trang/trana-’4,4tbia-{2-(2-hydroxy4.4-dlmethyl-l ,4-tetrahydrooxazlnyl)) 
bicyclohexyl  (l).  To  0.1  g  (0.00025  mol)of  12  in  15  mL  of  anhydrous 
tetrahydrofuran,  under  N2,  was  added  with  stirring  at  room  temperature  0.45  g 
(0.005  nol)  of  dimethylamincethanol  in  2  raL  of  anhydrous  tetrahydrofuran.  The 
reaction  mixture  was  stirred  for  an  additional  1  h.  The  solid  which  separated 
was  collected  on  a  filter  and  was  rccrystallized  from  EtOH-El^O  three  times  to 
afford  0.143  g  (932)  of  white  crystals,  rap  238-240°C,  IR  (KBr)  3200 
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'."‘''O.  "!:l  CCDCU)  5  0. 5-2.0  (n.  1011,  illnh  H).  3.0- J .o  -  . 

"L? '  * 

\nnl.  Calcd  for  Cn^il^ar-kNnO^  (Xarl  rischfcr  li-j 0  6.26/')  C,  .-i .  1 3 :  i.  - 
It:  '! ,  ,'our.d  C,  46.50;  H,  8.04;  N,  4.73 

[*henanuhrene-l  ,7-0icarboxviic  Acid  (16).  l-Methvl-7-i5opropylp!iun- 
-mLhrene  <.  “rotene”)  (15  «»,  0.0&  pol)  and  103  g  (0.3o  noL)  of  N.ij'/r  i  ,n 
2"  .*  -.L  of  H>0  were  heated  in  a  bomb  at  250°C  for  20  h.  I'hc  cooled  contents 
of  the  bomb  were  filtered,  and  the  filtrate  was  acidified  with  Ib.i  MCI.  A 
white  solid  separated  which  was  collected  on  a  filter  and  washed  with  tW)  and 
.ur-dricd  to  afford  12  g  (75:1)  or  crude  acid  product.  This  material  was 
•  :  ir  u:t  ,i  Its  '!e  ester.  \  1.7  g  (0.006  nol)  sample  was  treated  with 

••'"toss  OMnH.,  in  EC2O.  Evaporation  of  volatiles  provided  a  solid  residue  which 
was  purified  by  HPLC  (S102/CH2C12)  to  provide  0.52  g  (302)  of  a  white  solid, 
np  152-153°C.  Lit4  op  151-152°C.  MS  o/e  294  (M+).  NMR  (CDCI3)  6  4.03  (d, 
nil,  0CH3),  7.25-9.0  (m,  8H,  arom  H). 

2.2* -Dime thvl-4 , 4 * -dlanlnobiphenyl  (20).  A  mixture  of  100  g  (0.72  mol) 
of  sr-nltrotoluene,  168  g  (4.2  aol)  of  NaOH,  140  g  (2.14  g  atom)  of  Zn  dust, 
370  oL  of  H2O,  and  1  L  of  MeOH  was  heated  under  reflux  with  stirring  for  12 
h.  The  hot  reaction  mixture  was  rapidly  filtered  through  a  sintered  glass 
filter  and  the  heavy  emulsified  filtrate  was  extracted-  twice  with  Et20.  The 
combined  ethereal  extracts  were  washed  with  1^0  and  the  organic  layer  in  a  5  L 
flask  was  treated  with  1*8  L  of  EtOH  and  280  mL  of  cone  HC1.  The  resulting 
mixture  was  heated  on  a  steam  bath  to  remove  Et20»  then  it  was  heated  under 
reflux  for  1  h.  The  reaction  mixture  was  cooled  and  the  solid  which  separated 
was  collected  on  a  filter.  It  was  washed  with  EtOH  to  give  40.3  g  (392)  of  n 
•white  solid.  \  small  amount  of  this  was  treated  with  NH^OH  to  liberate  the 
free  base  which  was  recrystallized  from  petroleum  ether  (bp  35-60°C)  to  give 
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no  99-100°C.  Ut11  mp  101-102°C.  N'lR  (0)01-,)  V! 

CM3).  3.29  (s.  iH.  N%),  6.39-6.96  (m,  6H,  arom  H). 

.. .  ^,-r)icv.ino-2.2<-dl.ntfthylbtphenvl  (21).  Compourd  2')^  (li  ->U 

,ms  .liazotizod  In  200  mL  of  M^O  and  41  g  of  ccnc  lljSO,,  with  9.1  •:  •'. 

5°C.  Cu-,(CN)t  was  prepared  according  to  a  procedure  of  Thei lacker  and 
oaeeowskl^.  To  this  Cu,(CN)7  suspension  in  H20  was  slowly  added,  •  ith  aarni.u 
stirring,  the  diazotized  solution.  Frequent  heating  on  a  steam  Mtu 
diminished  frothing.  The  temperature  was  brought  to  75°C  and  was  maintained 
with  nanual  stirring  for  40  min.  The  reaction  mixture  was  filtered  and  the 
filter  cake  was  washed  with  5^0  mL  of  3M  H2S0^,  then  with  l  L  of  H2u,  then  it 
was  air-dried.  The  dried  cake  was  transferred  to  a  Sohxlet  thimhla  and  it  ••as 
extracted  with  EtOH  for  12  h.  The  EtOH  extract  was  transferred  to  a  lame 
separatory  funnel  and  it  was  diluted  with  R20  to  throw  out  a  yellow  solid. 
This  mixture  was  extracted  repeatedly  with  Et20.  The  pooled  extracts  were 

•rtracted  with  3  portions  of  dil  NaCH,  one  portion  of  3N  HC1,  and  3  portions 

of  H-,0.  The  Et20  was  evaporated  to  leave  a  brown  syrup  which  was  mixed  with 
20  aL  of  EtOH.  This  mixture  was  heated  to  boiling,  and  upon  cooling  slightly 
a  brown  tar  was  deposited.  The  supernatant  was  decanted,  and  upon  further 
cooling,  a  yellow  solid  separated,  mp  106-108°C.  Lit1^  mp  113°C.  Yield:  3.5 
g  (232).  NMR  <CDC13)  6  2.03  (s,  6H,  CH3),  7.07-7.56  (m,  6H,  arom  H). 
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Methods  -  Biology 


1.  HPLC-SC  Assay  for  Acetylcholine 

A  method  for  Che  deCermiration  of  acetylcholine  has  been 
developed  using  HPLC  with  electrochemical  detection  (HPLC-EC)  based 
Oil  the  method  of  Potter  et  al  (1983).  This  method  uses  reverse 
phase  HPLC  to  .separate  acetylcholine  and  choline.  The  effluent 
emerging  from  the  column  is  mixed  with  acetylcholinesterase  and 
choline  oxidase.  This  mixing  is  post-column.  Choline  and  choline 
produced  by  the  hydrolysis  of  ACh  is  converted  by  choline  oxidase  to 
betaine  and  hydrogen  peroxide.  Hydrogen  peroxide  production  is  then 
monitored  electrochemically. 

Choline  ♦  202  +  HjO  choline  oxidase  +  2Hj02 

Prococol 

The  mobile  phase  consists  of  0.01  M  sodium  acetate  buffered  to  pH  5 
with  0.02  K  citric  acid  containing  5.0  mg/liter  sodium  octyl  sulfate  and 
1.2  nM  TMA.  The  ensyrae  solution  consists  of  0.2M  sodium  phosphate 
buffer  pH  8.5  to  which  is  added  1  unit/ml  choline  oxidase  and  2  units/ml 
of  acetylcholinesterase.  The  pumping  rates  of  the  two  buffers  are  0.80 
ml/aln  and  0.03  ml /min  respectively  to  bring  Che  pH  in  the  reaction  coil 
to  pH  8  (optimum  for  acetylchollnsstsrsse). 

The  assay  system  consists  of  Kheodyne  7123  Injector  with  a  100  ul 
sample  loop,  end  a  Supelco  C-18  13  cm  deactivated  for  baalc  compounds 
reverse-phase  column.  The  effluent  from  the  column  flows  into  a  teflon 
tee  connector  where  It  mixes  with  the  enzyme  solution  and  enters  a 
reaction  coil  of  30  a  of  30  gauge  teflon  tubing.  This  coil  provides  a 
2.5  ain  delay  to  allow  for  enzymatic  reactions.  The  effluenc  then 
passes  a  platinum  electrode:  the  potential  la  set  to  +0.5  V  versus  a 
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'  .\4:V;Clt  reference  jlaclrodn  for  the  detection  of  4 _,<)■> . 

Is  measured  using  a  3AS  LC-4B  datector. 

\Ch  and  Oh  standards  -re  prepared  daily  In  0.01  perchloric  acid 
(PC\).  Styhlhomocholine  (£HC)  is  used  as  the  internal  standard  and 
tissue  samples  are  homogenized  in  0.014  PCA  containing  200  praoles 
SHC/100  ul  and  allowed  to  stand  on  ics  f or  13  min.  The  samples  are 
centrifuged  and  100  ul  samples  injected  onto  the  column.  ACh  content  of 
10  mg  of  tissue  Is  determined. 

Results 

AC  the  time  of  this  progress  report  the  HPLC  method  for 
determination  of  ACh  using  (Potter  et  al)  procedure  with  modifications 
is  sensitive  enough  to  determine  ACh  content  in  discrete  areas  of  the 
CHS.  The  limit  to  our  sensitivity  is  approximately  10  paoles.  This 
sensitivity  aey  be  further  improved  with  the  addition  of  a  pre  or  post 
column  pulse  daapner  to  decrease  baseline  noise. 

Preliminary  data  have  shown  this  method  to  be  a  reliable  and 
accurate  procedure  for  measuring  ACh  levels.  ACh  content  In  the  caudate 
nucleus  has  been  measured  at  40  naoles/g  tissue  following 
decapitation.  This  is  in  agreement  with  ocher  laboratory  results  using 
various  other  assay  methods  and  decapitation. 

Stadias  are  presently  being  conducted  to  study  the  effects  of 
hettichollnluar-3  (2)  and  various  other  analogs  on  ACh  content  in  the  rat 
caudate.  This  procedure  involves  decapitation  and  rapid  isolation  of 
0.2  am  slices.  These  slices  are  then  Incubated  for  various  times  in 
either  Kreb's  buffer  or  Kreb's  buffer  with  experimental  compound. 
Preliminary  results  indicate  that  on  incubating  the  caudate  slices  with 
Kreb's  buffer  only,  ACh  content  is  80-100  nmoles/g  tissue.  This  is 


^tiilir  to  ACh  content  levels  found  for  microwave  billed  animals  vht*re- 
no  ACh  degradation  occurs.  Incubating  with  10”^M  £  shows  a  marked 
decrease  In  ACh  content.  Though  data  are  in  preliminary  stages,  this 
method  of  Incubating  in  Kreb's  or  Kreb's  Kith  drug  and  then  extraction 
in  0.01  V  PCA  with  EHC  is  a  possible  method  to  investigate  the 
mechanisms  by  which  hemichollniua-3  or  hemicholiniuo-3  like  compounds 
produce  their  biological  effects. 

Of  equal  value  Co  Che  goals  of  this  research,  this  technique  will 
allow  us  to  state  whether  or  not  an  experimental  compound  Is  ^-like. 
Compounds  may  Inhibit  neuromuscular  transmission  by  various  mechanisms, 
but  inhibition  of  acetylcholine  synthesis  which  Is  reversible  by  choline 
is  strong  supportive  evidence  for  ^-like  activity.  Decrease  in  tissue 
levels  of  ACh  will  be  needed  as  we  attempt  to  antidote  toxicity 
following  inhibition  of  acetylcholinesterase. 

2.  Rabbit  Neuromuscular  Junction 

Dutch  rabbits  weighing  between  1.8  and  2.4  kg  are  anesthetized  by 
intravenous  administration  of  250  mg/kg  of  phenobarbltal  sodium.  The 
trachea  is  isolated  and  respiration  is  supported  by  a  Harvard 
respiration  pump.  One  of  the  jugular  veins  la  cannulated  for 
Intravenous  administration  of  compounds. 

One  of  the  sciatic  nerves  is  Isolated  and  sectioned  centrally  and 
bipolar  platinum  electrodes  are  placed  on  Che  distal  end  of  the  sciatic 
nerve  and  attached  to  a  Crass  SAC  stimulator.  The  parameters  of 
stimulation  are  as  follows:  every  10  seconds  tetanic  stimulation  13 

delivered  for  0.2  of  a  sec  at  200  Hz.  The  pulse  duration  is  0.2  msec  at 
maximal  voltage  usually  20  volts.  The  knee  and  ankle  are  attached  to  a 
solid  mount  and  the  tendon  of  Achilles  is  isolated  and  sectioned.  Ten 


20 


.  •  t4 Ion  ii  tUwiI  *«i  the  tendon  .nd  •'*»v  - •  •  ? . 

»*!:■*•  4  l*c’<wi  8-411  recorder*  Stimulations  arc  .loptU-u  i  * 

:  »r  overal  hours.  In  nose  preparations  contnntoiw  ov  *•  ..  .  ■ 
»;t.*c  '.upcixloataly  one-naif  u»ur.  the  camoounuu  «rv  .  : 

Increasing  doses  varied  by  0*3  log  Intervals  until  -nue  ’vhpoumu  curves 
»ro  uotalned*  Tims  to  produce  maximal  Inhibition  w  -itli.v.i  -  i.u.*.,- 
>>  tin.  following  the  highest  dose  of  the  compound  vnoliv?  :*■. 

ng/lcg,  Is  administered  Intravenously  to  tust  tin  antagonistic  ic'.lou 
italnst  the  neuroausaular  blockade. 

3.  tat  Phrenic  Nerve-Olnphraga  Preparation 

ndult  •“its  .ire  killed  by  a  blow  to  the  head  nne  tie 
opened  and  phrenic  nerve  and  a  fan-shaped  linphrnsn  on  <m«  <i;!e 
Lr.cludl.iR  one  rib  la  Isolated  and  placad  In  Kreb's  solution.  (*.ns/L- 
N’aCl.  3.54;  KC1,  0.35;  MgS04  >  7  UjO,  0.29;  CaCl2,  0.23;  <!1.,P0;, 
"aHCOj,  2.1,  glucose,  2.1), 

The  phrenic  nerve-diaphragm  is  attached  firmly  to  a  holding  damp 
In  an  isolated  bath  preparation  and  bipolar  silver  electrodes  arc 
threaded  around  the  phrenic  nerve.  The  parameters  of  stimulation  are  as 
follows:  every  10  sec  a  frequency  of  200  Hz  la  delivered  for  0.1  sec. 
The  pulse  duration  is  0.2  msec  and  maximal  voltage,  usually  10  V.  The 
compounds  ara  added  to  the  bath  and  concentration  la  varied  by  0.48  log 
intervals.  The  time  required  for  additional  doses  of  the  compound  will 
be  30-60  minutes.  Choline  chloride,  10  mg/1  Is  added  to  test  the 
antagonistic  ef facts  of  this  agent. 

4.  Antagonism  of  Phvsostlgtnlne  Toxicity 

Mice  weighing  20-24  g  are  pretreated  30  adnutes  with  the  agent  to 
be  tested.  Physostlgmine  Is  then  administered  lntraperlotoncnlly  in  a 
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,w  1.1  ^/ks.  This  l»  sufficient  to  produce  70-»0‘. 
nonorcsedlcated  a«i«U.  For  defiled  studies  shifts  In  the  entire  <:o 
response  curve  of  physostK»ino  is  evaluated. 
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v>ul\«  -  \ctlve  Mamlchollnlum  Analogs. 


i,  The  following  compounds  are  currently  being  evaluated. 


ii  *  •  H 

2i  *  •  CMj 


Coapound 

Inhibition  of  the  rabbit  sciatic  nerve 

gastrocnemius  muscle.  ID50  -  yg/kg  - 

confidence  limits) 

Wr\ 

•  4.3  (3.4  -  6.1) 

& 

2,370  (1,880  -  3,050) 

23 

2.3  (1.5  -  4.4) 

vt 

1 

\ 

approx.  6  (n-2) 
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The  oattern  of  action  for  neuromuscular  Inhibition  appears  verv  similar 
for  all  of  the  above  compounds.  (See  Figs.  1-4)  The  onset  of  action  is  alow 
and  the  inhibition  of  transmission  is  long  (hours).  The  nauronuscluar 
blockade  of  3ll  agents  is  reversed  by  choline. 

We  are  evaluating  the  compounds  in  the  rut  phrenic  nerve-diupuragra 
preparation.  Compound  23,  appears  to  be  more  active  than  Z  and  22  1 :  .bout 
1/10  as  active.  Ve  have  no  suggestions  at  this  time  to  explain  the  apparent 
differences  of  relative  potency  for  'ft  vs  ^  in  thia  preparation  vs  the  noon 
sciatic  nerve-gaatrocnemius  muscle  preparation. 

2.  Antagonism  of  physostlgaino  iiduced  toxicity 

Apomorphlne,  10  ng/kg.  administered  0.5  hour  before  IP  administration  or 
physostigmine  significantly  antagonized  the  toxicity  of  phy30sticmine  in 
.alee.  Raloperidol,  l  ag/kg,  administered  with  apomorphlne  prevented  the 
protective  actloa  of  apomorphlne. 

The  following  compound  which  we  have  previously  reported  to  be  a  very 
active  dopamine  receptor  agoniat  failed  to  antagonize  the  toxicity  of 
physostigmine. 

00^n/c:,h7'-  • HBr 

VrVt 
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Other  dopamine  receptor  agonists  will  be  evaluated.  Also  all  tertiary 
amines  which  are  2-like  will  be  evaluated  for  their  ability  to  modify  & 

physostigmine  Induced  toxicity. 
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•'iriL'*  Tint  we  ur  a  continuin'*  sverhcsis  r?  Imnhi*  nl 
i  :onist3  and  these  compounds  will  be  screened  for  protective  action. 

VI  t.  Nortel  is  ions 

a.  The  activity  of  2  is  approximately  the  same  as  we  round  in  the 

'V 

;>asc. 

b.  Compound  22,  though  only  about  1/500  active  as  2  in  the  rudit 
nerve  muscle  preparation,  is  a  tertiary  amine.  This  is  the  first 
report  that  2-Hka  activity  has  been  observed  for  a  non-Miuiturnary 
amine.  Non-quaternary  amines  must  be  developed  if  they  are  to  he 
active  on  the  central  nervous  system  followin''  ;y3i2nic 
administration. 

c.  Compound  23,  appears  to  be  more  active  than  £.  The  toxicity  of  thi3 
compound  should  be  marked. 

d.  Compound  la  a  potent  2-like  agent.  This  chemical  structure 
represents  a  new  structural  approach  and  hopefully  we  can  use  it 
and  analogs  to  better  estimate  charge  and  epatial  distribution  on 
the  receptor.  The  biphenyl  of  2  la  not  required  for  activity. 

'V 

VIII.  kacomaandationa 

More  research  daca  are  needed  to  determine  fully  the  pharmacology  of  the 
above  chemical  entitles.  Whether  the  highly  active  quaternaries  ^  ot  2^  have 
potential  use,  we  do  not  know.  The  discovery  of  an  active  tertiary  amine,  22, 
offers  the  possibility  of  Inhibiting  synthesis  of  scetylchollne  within  the  CNS 
following  systemic  administration. 
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Fig.  1  Inhibition  by  HC-3  of  the  rabbit  sciatic  nerve  gastro¬ 
cnemius  muscle  preparation.  Stimulated  once 
every  10  sec.  by  200  Hz  for  0.2  sec.,  pulse  duration 
0.2  ms.,  supramaximal  voltage 


At)  05  05  05 

«•- 

O  05  05  05 

o  CM  CO 
O'1' 

c  <  co  o 


» 


» 


< 

3 


ft 


ft 


0 


